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(57) Abstract 

A method for treating wrinkles in skin involves the use of a beam of pulsed, scanned or gated continuous wave laser or incoherent 
radiation. The method comprises generating a beam of radiation, directing the beam of radiation to a targeted dermal region between 100 
microns and 1.2 millimeters below a wrinkle in trie skin, and thermally, injuring collagen in the targeted dermal region. The beam of 
radiation has a wavelength of between 1 .3 and 1 .8 microns. The method may include cooling an area of the skin above the targeted dermal 
region while partially denaturing the collagen in the targeted dermal region. The method may also include cooling an area of the skin above 
the targeted dermal region prior to thermally injuring collagen in the targeted dermal region. 
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AMENDED CLAIMS 
[received by the International Bureau on 07 August 1998 (07.08.98); 
original claims 1, 5, 10, 11, 14 and 15 amended; 
remaining claims unchanged (3 pages)] 

1 1 . A method for treating a wrinkle in human skin, comprising: 

2 generating a beam of radiation having a wavelength of between 1 ,3 and 1 .8 

3 microns and a fluence of between 10 and 150 joules per square centimeter; 

4 directing the beam of radiation to a targeted dermal region between 100 microns 

5 and 1.2 millimeters below a wrinkle in the skin; and 

6 causing thermal injury within the targeted dermal region to elicit a healing response 

7 that produces substantially unwrinkled skin. 

1 2. The method of claim 1 wherein the wavelength is about 1.5 microns. 

1 3. The method of claim 1 further comprising the step of stretching the skin along the wrinkle 

2 before the step of directing the beam of radiation to the targeted dermal region. 

1 4. The method of claim 1 further comprising the step of cooling an epidermal region of the 

2 skin above the targeted dermal region contemporaneously with the step of causing thermal injury 

3 within the targeted dermal region. 

1 5. The method of claim 1 further comprising the step of pre-cooling the epidermal region of 

2 the skin above the targeted dermal region before the step of causing thermal injury within the 

3 targeted dermal region. 

1 6. A method for treating a wrinkle in human skin, comprising: 

2 generating a beam of radiation having a wavelength of between 1 .3 and 1 .8 

3 microns and a power density of between 5 and 100 watts per square centimeter; 

4 directing the beam of radiation to a targeted dermal region between 100 microns 

5 and 1 .2 millimeters below a wrinkle in the skin; and 

6 causing thermal injury within the targeted dermal region to elicit a healing response 

7 that produces substantially unwrinkled skin. 

1 7, The method of claim 6 wherein the wavelength is about 1 .5 microns. 

1 8. The method of claim 6 further comprising the step of stretching the skin along the wrinkle 

2 before the step of directing the beam of radiation to the targeted dermal'region. 
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1 9. The method of claim 6 further comprising the step of cooling an epidermal region of the . 

2 skin above the targeted dermal region contemporaneously with the step of causing thermal injury 

3 within the targeted dermal region. 

1 10. The method of claim 6 further comprising the step of pre-cooling the epidermal region of 

2 the skin above the targeted dermal region before the step of causing thermal injury within the 

3 targeted dermal region. 

1 11. An apparatus for treating a wrinkle in human skin, comprising: 

2 a source generating a beam of radiation having a wavelength of between 1 .3 and 

3 1.8 microns; and 

4 a delivery system coupled to the source, wherein the delivery system is for 

5 directing the beam of radiation to a targeted dermal region between 1 00 microns and 1 2 

6 millimeters below a wrinkle in the skin, wherein the beam of radiation causes thermal injury to the 

7 targeted dermal region sufficient to elicit a healing response that produces substantially 

8 unwrinkled skin, the delivery system further comprising: 

9 a cooling system for contact cooling- an epidermal region of the skin above .. 
10 the targeted dermal region, to thereby minimize injury to the epidermal region. 

1 12. The apparatus of claim 1 1 wherein the delivery system further comprises a fiber coupled 

2 to the source, the fiber carrying the beam of radiation; and 

3 wherein the cooling system further comprises a skin contacting portion having a first end in 

4 optical communication with the fiber and a second end, the skin contacting portion projecting the 

5 beam of radiation toward the targeted dermal region through the second end of the skin 

6 contacting portion. 

1 13. The apparatus of claim 12 wherein the skin contacting portion further comprises a window 

2 located at the second end of the skin contacting portion, the window being in optical 

3 communication with the fiber; and 

4 wherein the skin contacting portion has a fluid passage extending across at least a 

5 portion of the window, the fluid passage circulating a cooling fluid past the window. 

1 14. An apparatus for treating a wrinkle in human skin, comprising: 
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2 a source generating a beam of radiation having a wavelength of between 1.3 and 

3 1.8 microns; 

4 a delivery system coupled to the source, wherein the delivery system is for 

5 directing the beam of radiation to a targeted dermal region between 100 microns and 

6 1.2 millimeters below a wrinkle in the skin, wherein the beam of radiation causes thermal injury to 

7 the targeted dermal region sufficient to elicit a healing response that produces substantially 

8 unwrinkled skin; and 

9 a cooling system for cooling an epidermal region of the skin above the targeted 
1 0 dermal region, to thereby minimize injury to the epidermal region. 

1 15. The apparatus of claim 14 wherein the cooling system comprises a container of cold fluid, 

2 wherein the cold fluid can be sprayed onto the skin to extract heat from the skin on contact. 
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In one embodiment, the beam of radiation causes partial denaturation of the collagen in 
the targeted dermal region. The partial denaturation of the collagen accelerates the collagen 
synthesis process by the fibroblasts and the deposition of new glycosaminoglycans, leading to the 
elimination or a reduction in the severity of the wrinkle. The method may also include cooling the 
5 surface of the skin and epidermal tissue above the targeted dermal region while irradiating the 
skin. The method may also include cooling the surface of the skin prior to irradiating the skin. 

In a detailed embodiment, the method also includes stretching the skin along the wrinkle 
before directing the beam of radiation to the targeted dermal region below the wrinkle. Stretching 
the skin causes thermal injury to the collagen fibers across the wrinkle, while not affecting the 
10 fibers along the wrinkle. 

The invention also relates to an apparatus for treating wrinkles in skin. The apparatus 
includes a radiation source and a delivery system which includes a cooling system. The radiation 
source generates a beam of radiation having a wavelength between 1.3 and 1.8 microns. The 
delivery system directs the beam of radiation to a targeted dermal region between 100 microns 
15 and 1 .2 millimeters below a wrinkle in the skin. The cooling system cools the epidermal tissue 
above the targeted dermal region to minimize injury to the surface of the skin. 

Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will become 
apparent from the following more particular description of preferred embodiments of the 
20 invention, as illustrated in the accompanying drawings. The drawings are not necessarily to scale, 
emphasis instead being placed on illustrating the principles of the present invention. 

Fig. 1 is an illustration of an apparatus including a radiation source and a delivery system 
for practicing the invention. 

Fig. 2 is an enlarged perspective view of a delivery system incorporating the principles of 
25 the invention. 

Fig. 3 is an illustration of a wrinkle in skin exposed to a plurality of radiation pulses. 
Fig. 4 is an illustration of a region of skin exposed to a highly convergent beam of 
radiation. 
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Detailed Description of the Invention 

The present invention contemplates a system and method for removing wrinkles which 
includes delivering a beam of laser or incoherent radiation to cause sufficient thermal injury in the 
dermal region of the skin to elicit a healing response to cause the skin to remodel itself, resulting 

5 in more youthful looking (i.e., substantially unwrinkled) skin. In particular, thermal injury may be 
in the form of partial denaturation of the collagen fibers in the targeted dermal region of skin. In 
one embodiment, the radiation beam has a set of parameter ranges carefully selected to partially 
denature collagen in the dermis while protecting the epidermis by surface cooling. As a result, a 
subject treated using the method of the invention is able to have the appearance of wrinkles 

10 lessened without damage to the epidermis. 

Fig. 1 is an illustration of a system 10 for practicing the invention. The system 10 includes 
a radiation source 12 and a delivery system 13. A beam of radiation generated by the radiation 
source 12 is directed to a target region of a subject's skin including a wrinkle via the delivery 
system 13. In one embodiment, the radiation source 12 is a laser. The laser may generate a beam 

15 of pulsed, scanned or gated CW laser radiation. In another embodiment, the radiation source 12 
generates incoherent radiation. 

The beam of radiation is directed to a targeted dermal region of skin between 100 microns 
and 1 .2 millimeters below the wrinkle. The parameter ranges for the beam have been specifically 
selected to cause thermal injury to the dermis while avoiding injury to the epidermis and upper 

20 layers of the dermis. In particular, the wavelength of the radiation beam has been chosen to 
maximize absorption in the targeted region of the dermis, and the fluence or power density, 
depending on the type of radiation, has been chosen to minimize erythema. The wavelength range 
chosen has a tissue absorption coefficient preferably in the range of about 1 to 20 cm* 1 . Thus, the 
beam preferably has a wavelength of between about 1.3 and 1.8 microns in one embodiment. 

25 Within this wavelength range, radiation energy applied through the surface of the skin is deposited 
predominantly in the dermal region of the skin. In one embodiment, the radiation beam has a 
nominal wavelength of approximately 1.5 microns. Lasers which produce radiation having 
wavelengths in the range of between about 1.3 and 1.8 microns include the 1.33 micron Nd:YAG 
laser, the 1.44 micron Nd:YAG laser and the 1.54 micron EnGlass laser. The radiation beam may 

30 be pulsed, scanned or gated continuous wave laser radiation. In embodiments having a laser as 
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the radiation source 12, the laser radiation generated preferably has a fluence of between about 10 
and 150 joules. 

In another embodiment, the radiation used to thermally injure the dermis is incoherent 
radiation. In embodiments using incoherent radiation, the incoherent radiation generated by the 
radiation source 12 preferably has a power density of between about 5 and 100 watts per square ' 
centimeter. 

Fig. 2 is an enlarged perspective view of a delivery system 13 incorporating the principles 
of the invention. The delivery system 13 includes a fiber 14 having a circular cross-section and a 
handpiece 16. A beam of radiation having a circular cross-section is delivered by the fiber 14 to 
the handpiece 16. An optical system within the handpiece 1 6 projects an output beam of radiation 
to a targeted region of the subject's skin. A user holding the handpiece 16 irradiates the targeted 
region of the subject's skin including the wrinkle with output pulses from the beam. 

To minimize thermal injury to the epidermis and the upper layers of the dermis, in one 
embodiment, the delivery system 13 includes a cooling system for cooling the surface of the skin 
prior to and/or during application of the radiation. In this embodiment, the delivery system 13 is 
multi-functional and is capable of delivering radiation and cooling the surface of the skin at the 
same time. Fig. 3 shows one embodiment of a delivery system 13 which includes a cooling 
system. The handpiece 16 includes a skin contacting portion 20 which is brought into contact with 
the region of skin 22 receiving the beam of radiation 24. The skin contacting portion 20 cools the 
epidermal region of skin 22 receiving the beam of radiation. The skin contacting portion 20 
includes a sapphire window 26 and a fluid passage 28 which contains a cooling fluid. The cooling 
fluid may be a fluorocarbon type cooling fluid. The cooling fluid circulates through the fluid 
passage 28 and past the sapphire window 26 which is in contact with the epidermal region of skin 
22 receiving the beam of radiation 24. 

In another embodiment, the delivery system 13 and the cooling system are separate 
systems.- The cooling system may comprise a container of a cold fluid. Cooling of the surface of 
the skin is accomplished by briefly spraying the skin with the cold fluid which extracts heat from 
the skin on contact. The fluid used can also be a non-toxic substance with high vapor pressure at 
normal body temperature, such as a freon. These fluids extract heat from the skin by the virtue of 
evaporative cooling. 
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Fig. 3 illustrates the treatment of a wrinkle 30 in accordance with the invention. Radiation 
pulses are produced using the radiation source 12, which may be a pulsed, scanned or gated CW 
laser or incoherent radiation source. The radiation pulses are directed toward the region 22 of the 
subject's skin containing the wrinkle 30 by the delivery system 13. The radiation pulses are 
preferably directed to a targeted dermal region between 100 microns and 1.2 millimeters below 
the surface of the skin. In a detailed embodiment, the radiation pulses are focused to a region 
centered at a depth of about 750 microns. The targeted dermal region including a portion of the 
wrinkle 30 is then irradiated with radiation pulses exiting from the handpiece 1 6 until collagen in 
that region is partially denatured. To accomplish this, the collagen at the selected depth in the 
targeted dermal region is preferably heated to a temperature in the range of about 50 to 70 
degrees Celsius. Partially denaturing collagen in the dermis accelerates the collagen synthesis 
process by the fibroblasts. The thermal injury caused by the radiation is mild and is only sufficient 
to elicit a healing response and cause the fibroblasts to produce new collagen. Excessive 
denaturation of collagen in the dermis causes prolonged edema, erythema, and potentially 
scarring. 

The skin contacting portion 20 preferably cools the^area of the skin above the targeted 
dermal region to temperatures below approximately 50 to 70 degrees Celsius during application 
of the radiation, so as not to cause collateral thermal damage to the epidermis. The radiation 
beam, due to its wavelength, does not sufficiently penetrate into depths below the targeted dermal 
region to cause thermal damage deeper in the skin. In one detailed embodiment, the skin 
contacting portion 20 cools an area of the skin above the targeted dermal region before the 
radiation is applied. The relative timing of cooling the surface of the skin to applying radiation 
depends, in part, on the depth to which thermal injury is to be prevented. Longer periods of 
cooling prior to the application of radiation allow more time for heat to diffuse out of the skin and 
cause a thicker layer of skin to be cooled, as compared to the thickness of the layer cooled by a 
short period of cooling. This thicker layer of cooled tissue sustains less thermal injury when the 
radiation energy is subsequently applied. Continued cooling of the surface of the skin during the 
delivery of radiation energy extracts heat from the upper layers of the skin as heat is deposited by 
the radiation, thereby further protecting the upper layers from thermal injury. 

The depth of thermal injury caused by the radiation depends primarily on the penetration 
depth of the radiation used. The penetration depth can be approximated by taking the reciprocal 
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of the absorption coefficient of the skin at the wavelength of the radiation. The thickness of the 
tissue overlying the zone of injury which is spared from injury depends primarily on the cooling 
applied prior to and/or during the delivery of radiation energy. By suitably choosing the radiation 
wavelength, the timing of the surface cooling, the cooling temperature, the radiation fluence 
and/or the power density as described above, the depth, the thickness and the degree of thermal 
injury can be confined to a zone within the dermis. These parameters can be chosen to optimally 
induce the injury required to elicit remodeling within the dermis, while substantially or completely 
sparing injury to.the overlying epidermis and upper layers of the dermis. 

In another detailed embodiment, the region of skin including the wrinkle 30 is stretched 
along the wrinkle 30 before the beam of radiation is directed to the targeted dermal region below 
the wrinkle 30. Stretching the skin along the wrinkle before irradiating the skin causes partial 
denaturation of the collagen fibers across the wrinkle, while not damaging the fibers along the 
wrinkle. Partially denaturing the fibers across the wrinkle tightens the skin sufficiently to cause 
the wrinkle to disappear. 

Referring to Fig. 4, in one embodiment, to counteract the effects of scattering, the 
•radiation beam is made highly convergent on the surface of the skin. 

Experimental Results 

The method of the present invention for treating wrinkles in skin using radiation was 
applied in a series of in vivo experiments performed on pigs. A pulsed erbium glass laser 
producing radiation having a wavelength of approximately 1 .54 microns was used as the radiation 
source 12. The laser energy was applied to the pig skin via the skin contacting portion 20 
equipped with a cooled sapphire window 26 at the tip, as described above and shown in Figs. 1-3. 
The inner surface of the sapphire window 26 was cooled by circulating refrigerated coolant, 
chilled to approximately minus 25 degrees Celsius through the passage 28. The coolant used was 
a halocarbon which is transparent to the 1 .54 micron laser radiation. The laser beam at the outer 
surface of the sapphire window 26 was approximately 5 mm in diameter. 

The tip of the skin contacting portion 20 was placed in contact with the skin to cool the 
skin prior to applying the laser radiation. After a set amount of time (hereinafter "the pre-cooling 
time"), laser energy was applied to the skin. Various combinations of pre-cooling times, laser 
pulse energies, laser pulse repetition frequencies, time intervals of laser energy delivery, and total 
number of laser pulses delivered were studied. It was found that by the appropriate choice of 
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these parameters, varying degrees of thermal injury can be achieved at varying depths in the 
dermis while preserving the viability of the epidermis and upper dermis. 

For example, using a pre-cooling time of 5 seconds, a laser energy in the range of between 
0.2 and 0.8 joules per pulse at a pulse repetition frequency of 4 Hertz (corresponding to an 
5 average laser power in the range between 0.8 to 3.2 watts), and a total of 24 pulses, it was found 
that varying degrees of thermal injury could be induced in a zone centered at a depth in the range 
of approximately 0.5 to 1.0 millimeters beneath the surface of the skin, while avoiding injury to 
the epidermis and upper dermis. 

Histology performed on biopsy samples taken at sites treated with the above range of 

10 parameters revealed collagen denaturation extending from about 100 microns in the dermis to 
about 1 mm deep. The epidermis and upper layers of the dermis were preserved as confirmed 
with nitrotetrazolium blue, a viability stain. In the cases in which only partial collagen 
denaturation was shown on histology, clinically, the treated areas showed an intact epidermis with 
mild edema and erythema which resolved completely within two weeks. Histologically, the 

1 5 treated sites showed greatly increased fibroblast activity, new collagen secretion and degradation 
of denatured collagen. By four weeks post treatment, the treated sites returned to ftormal, both 
clinically and histologically. 

Equivalents 

While the invention has been particularly shown and described with reference to specific 
20 embodiments, it should be understood by those skilled in the art that various changes in form and 
detail may be made therein without departing from the spirit and scope of the invention as defined 
by the appended claims. 
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CLAIMS 

What is claimed is: 
11. A method for treating a wrinkle in human skin, comprising: 

2 generating a beam of radiation having a wavelength of between 1.3 and 1 .8 

3 microns and a fluence of between 10 and 1 50 joulesper square centimeter; 

4 directing the beam of radiation to a targeted dermal region between 100 microns 

5 . and 1.2 millimeters below a wrinkle in the skin; and 

6 causing thermal injury within the targeted dermal region to elicit a healing response 

7 that produces substantially unwrinkled skin. 

1 2. The method of claim 1 wherein the wavelength is about 1 . 5 microns. 

1 3 . The method of claim 1 further comprising the step of stretching the skin along the wrinkle 

2 before the step of directing the beam of radiation to the targeted dermal region. 

1 4. The method of claim 1 further comprising the step of cooling an epidermal region of the 

2 skin above the targeted dermal region contemporaneously with the step of causing thermal injury 

3 within the targeted dermal region. 

1 5. The method of claim 4 further comprising the step of pre-cooling the epidermal region of 

2 the skin above the targeted dermal region before the step of causing thermal injury within the 

3 targeted dermal region. 

1 6. A method for treating a wrinkle in human skin, comprising: 

2 generating a beam of radiation having a wavelength of between 1 .3 and 1 .8 

3 microns and a power density of between 5 and 100 watts per square centimeter; 

4 directing the beam of radiation to a targeted dermal region between 100 microns 

5 and 1.2 millimeters below a wrinkle in the skin; and 

6 causing thermal injury within the targeted dermal region to elicit a healing response 

7 that produces substantially unwrinkled skin. 

1 7. The method of claim 6 wherein the wavelength is about 1 .5 microns. 

1 8. The method of claim 6 further comprising the step of stretching the skin along the wrinkle 

2 before the step of directing the beam of radiation to the targeted dermal region. 
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1 9. The method of claim 6 further comprising the step of cooling an epidermal region of the 

2 skin above the targeted dermal region contemporaneously with the step of causing thermal injury 

3 "within the targeted dermal region. 

1 10. The method of claim 9 further comprising the step of pre-cooling the epidermal region of 

2 the skin above the targeted dermal region before the step of causing thermal injury within the 

3 targeted dermal region. 

1 11. An apparatus for treating a wrinkle in human skin, comprising: 

2 a source generating a beam of radiation having a wavelength of between 1 .3 and 

3 1.8 microns; and 

4 a delivery system coupled to the source, the delivery system directing the beam of 

5 radiation to a targeted dermal region between 1 00 microns and 1 .2 millimeters below a wrinkle in 

6 the skin, wherein the beam of radiation causes thermal injury to the targeted dermal region 

7 sufficient to elicit a healing response that produces substantially unwrinkled skin, the delivery 

8 system further comprising: 

9 a cooling system for contact cooling an epidermal region of the skin above 
10 the targeted dermal region, to thereby minimize injury to the epidermal region. 

1 12. The apparatus of claim 1 1 wherein the delivery system further comprises a fiber coupled 

2 to the source, the fiber carrying the beam of radiation; and 

3 wherein the cooling system further comprises a skin contacting portion having a first end in 

4 optical communication with the fiber and a second end, the skin contacting portion projecting the 

5 beam of radiation toward the targeted dermal region through the second end of the skin 

6 contacting portion. 

1 13. The apparatus of claim 1 2 wherein the skin contacting portion further comprises a window 

2 located at the second end of the skin contacting portion, the window being in optical 

3 communication with the fiber; and 

4 wherein the skin contacting portion has a fluid passage extending across at least a 

5 portion of the window, the fluid passage circulating a cooling fluid past the window. 

1 14. An apparatus for treating a wrinkle in human skin, comprising: 
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2 a source generating a beam of radiation having a wavelength of between 1 .3 and 

3 1.8 microns; 

a delivery system coupled to the source, the delivery system directing the beam of 

5 radiation to a targeted dermal region between 1 00 microns and 1 .2 millimeter, below a wrinkle in 

6 the skin, wherein the beam of radiation causes thermal injury to the targeted dermal region 
sufficient to elicit a healing response that produces substantially unwrinkled skin; and 

8 a cooling system for cooling an epidermal region of the skin above the targeted 

9 dermal region, to thereby minimize injury to the epidermal region. 


7 


1 


15. The apparatus of claim 1 4 wherein the cooling system comprises a container of cold fluid 


2 wherein the cold fluid is sprayed onto the skin and extracts heat from the skin on contact. 
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